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Apart from delivering the fetus, medication-assisted hypertension control is the most common treatment for
PE. There are numerous options available and oral antihypertensives can be used in standard doses during
pregnancy. Methyldopa has been shown to be safe for the fetus in the treatment of high blood pressure in
pregnant women over a lengthy period of time. In terms of safety and efficacy, clonidine acts similarly to
and is comparable to methyldopa. During pregnancy, 3-blockers are also frequently used. Labetalol preserves
uteroplacental blood flow better than other (-blockers. Calcium-channel antagonists have been used to treat
chronic hypertension, moderate preeclampsia, and preeclampsia-related urgent hypertension in pregnant
women. Women with elevated blood pressure during pregnancy are frequently prescribed diuretics. During
pregnancy, nitroprusside is rarely used. Ketanserin is also used to treat hypertension in non-pregnant adults
who aren’t pregnant. Despite the fact that it is not recommended as an antihypertensive, magnesium sulfate
has been used to prevent seizures in preeclamptic women for many years. Because it is impossible to say
whether or not exposure to ACEI and ARB during the first trimester is safe, it's probably best to advice
women who are attempting to conceive to switch to a different medicine. Several concepts for combating
preeclampsia that are linked to potential RAS suppression are presented as alternate techniques to target the
RAS. Management of preeclampsia and proposed medications for combating preeclampsia were investigated
in this review study based on a variety of literatures.
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Introduction

hypertension that occurs quickly and lasts for 15 minutes or more [3].
Blood pressure readings of 160 mm Hg systolic or 105 - 110 mm Hg

Apart from delivering the fetus, medication-assisted hyperten-
sion control is the most common treatment for PE. All antihyper-
tensive medications can cross the placenta. There are presently no
randomized controlled trials that support the use of one antihyper-
tensive drug over another. Certain medications, on the other hand, are
effective at lowering blood pressure while simultaneously having a fa-
vorable pregnancy safety profile [1]. Treatment is determined on the
severity and intensity of hypertension. It is also important to consider
if parenteral or oral medication is preferred when choosing a drug.
Antihypertensive medications were not used in women with severe
gestational hypertension or severe preeclampsia, and data from sev-
eral case studies showed that not using antihypertensive medications
resulted in higher risks of heart failure, pulmonary edema, stroke, and
mortality [2]. According to ACOG, a hypertensive emergency is severe

diastolic need to be treated right away [4]. Others have suggested that
treatment should begin at a lower threshold of 155/105 if the pri-
mary goal is to prevent maternal cerebral hemorrhage, which is still
the leading cause of mortality from preeclampsia [5]. The purpose of
blood pressure control is to bring it down to a range of 140-160/90-
100 mm Hg, which lowers the risk of cerebral hemorrhage. Lowering
blood pressure below this level can be harmful to the fetus because
placental perfusion is reduced [5,6]. Antihypertensive drugs for mild
to moderate hypertension have insufficient data to judge the benefits
and risks [7-10].

There are a variety of antihypertensives to choose from, and oral
antihypertensives can be administered in standard doses during
pregnancy. Antihypertensive drug clinical studies and evidence-based
guidelines for pregnant women are desperately needed. Therapy can
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begin if the blood pressure increases to 140 to 150/90 to 100 mm Hg
[11]. The criteria for starting therapy and the targeted blood pressure
targets in worldwide guidelines for the treatment of hypertension in
pregnancy differ, but they are always higher than the Joint National
Committee standards for the treatment of (non-obstetric) hyperten-
sion. Therapy is suggested in the United States for blood pressures
of 160/105 mm Hg or greater [12] with no set treatment target;
in Canada, therapy is recommended for blood pressures of 140 to
150/90 mm Hg or higher, with diastolic pressures of 80 to 90 mm Hg
[13,14], and in those with comorbid conditions, 130 to 139/80 to 89
mm Hg; and in Australia, increases of 160/90 mm Hg or greater are
recommended [15]. When preeclampsia is identified, antihyperten-
sive medication is prescribed based on the gestational age and blood
pressure level. Severe hypertension in pregnancy, defined as a blood
pressure of 160/110 mm Hg or greater, should be treated to avoid
intracerebral hemorrhage and maternal death [12,16].

Those with hypertensive encephalopathy, hemorrhage, or eclamp-
sia need parenteral medication to drop blood pressure to 160/100
mm Hg over the next few hours [12]. Early-onset preeclampsia (<34
weeks) necessitates the use of antihypertensive medications and
the prevention of both high (>160/110 mm Hg) and low (< 120/80
mm Hg) blood pressures. In some cases, controlling hypertension
and keeping a careful check on things has been shown to allow for a
2-week delay in birth, which has been related to improved long-term
outcomes [17]. In women with underlying renal impairment, a lower
treatment threshold is permitted [18]. Because placental blood flow is
likely reduced, it is critical to avoid hypotension when treating severe
hypertension [11]. Therapy for acute severe hypertension in wom-
en with preeclampsia should be begun at lower dosages than usual
since these patients may be intravascularly volume depleted and at
increased risk for hypotension. When antihypertensive medication
is used to treat preeclampsia, fetal monitoring is indicated to detect
fetal distress, which could be caused by reduced placental perfusion.

In the past, a variety of antihypertensive drugs were used to treat
PE with severe symptoms. There has, however, been no consensus
on how to treat non-severe hypertension. Labetalol, nifedipine, and
methyldopa are recommended as first-line treatments. Nifedipine, a
calcium channel blocker, could be utilized as a first-line therapy, ac-
cording to new studies [19-23]. In 2017, the Committee on Obstetric
Practice of the American College of Obstetricians and Gynecologists
released a Committee Opinion advising that immediate-release oral
nifedipine be used as a first-line drug when IV access is not available.
The renin-angiotensin-aldosterone system blockers that should be
avoided include angiotensin-converting enzyme inhibitors, angioten-
sin receptor blockers, renin inhibitors, and mineralocorticoid recep-
tor antagonists [1]. Without significant symptoms, salt restriction,
bed rest, and physical activity are not recommended for the preven-
tion or treatment of PE [24].

Possible Proposed Medications for Combating
Preeclampsia

The Use of Antihypertensive Drugs

Methyldopa is a medication that is often used to treat high blood
pressure in pregnant women. It has also been proven to be safe for the
fetus in the long run [1]. It is a a2-adrenergic agonist prodrug that’s
transformed to -methyl norepinephrine, which subsequently substi-
tutes norepinephrine in the neurosecretory vesicles of adrenergic
nerve terminals [25]. Blood pressure control is sluggish, lasting 6 to
8 hours, due to the indirect mechanism of action. It is not considered
teratogenic based on limited data and a more than 40-year history
of use in pregnancy. In a number of prospective trials in pregnant
women, it was compared to placebo [26-28] or other antihyperten-
sive medicines [28-31]. Treatment with methyldopa has been found
to slow the progression of severe hypertension in pregnant women
[32], with no negative consequences for uteroplacental or fetal he-
modynamics [33] or fetal well-being [27]. In one placebo-controlled
experiment (> 200 women with diastolic BP > 90 mm Hg at admis-
sion) [26], patients randomized to methyldopa had fewer mid preg-
nancy losses, but this tendency was not confirmed in a larger, more
recent trial [27]. Central a2-agonism causes undesirable effects such
as reduced peripheral sympathetic tone [25]. By acting on brainstem
regions, these drugs decrease mental alertness and interrupt sleep,
producing fatigue and sadness in some people.

Xerostomia (abnormally low salivation) is a common occur-
rence. The 1Q and neurocognitive development of offspring exposed
to methyldopa in utero were similar to controls at 7.5 years of age
in the previously mentioned follow-up study [34]. In 5% of individu-
als, methyldopa has been related to an increase in liver enzymes, as
well as hepatitis and hepatic necrosis [35]. Some people develop a
positive antinuclear antigen or antiglobulin (Coombs) test after long-
term use, which can lead to severe hemolytic anemia. In certain cases,
medications from different classes are used instead.Clonidine, a selec-
tive a2-agonist, is safe and effective in the same way as methyldopa
[36], but a short controlled follow-up study of 22 neonates discov-
ered an excess of sleep disturbance in clonidine-exposed newborns,
which is cause for concern [37]. It’s usually prescribed as a last-re-
sort treatment for pregnant women with resistant hypertension.
During pregnancy, (-blockers are frequently used. Despite several
randomized trials comparing f-blockers to placebo or other medi-
cines [29,30,38,39], there are still unresolved issues with their use in
pregnancy due to a few small studies that found a relationship with
lower birth weight infants. None of the 3-blockers have been shown
to be teratogenic. Except for atenolol, which was started at 12 to 24
weeks of pregnancy and resulted in clinically significant fetal growth
restriction and decreased placental weight compared to placebo in
one small study, individual agents were not distinguishable in their
perinatal effects [40,41]. This finding was confirmed by additional
retrospective studies comparing atenolol to other treatments [42].
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There is the potential for clinically significant differences be-
tween -blockers due to differences in lipid solubility and receptor se-
lectivity, although this has not been investigated in pregnancy. Despite
the fact that labetalol (together with oral methyldopa, nifedipine, and
hydralazine) did not appear to cause neonatal heart rate effects in a
systematic review of studies, oral -blockers have been related to non-
clinically significant neonatal bradycardia [9,43,44]. In one out of ev-
ery six babies, parenteral treatment has been observed to increase
the incidence of neonatal bradycardia necessitating intervention [9].
Parenteral therapy has been shown to increase the risk of newborn
bradycardia, requiring intervention in one out of every six babies [9].
A one-year postpartum follow-up study found that infants who were
exposed to atenolol during pregnancy developed normally, offering
more assurance [45]. 3-blockers improve maternal outcomes by ef-
fectively controlling maternal blood pressure, lowering the incidence
of severe hypertension, and lowering the rate of preterm admission
to the hospital [9]; in a recent Cochrane analysis, they were found to
be more effective in lowering blood pressure than methyldopa in ten
trials [7].

Labetalol is a nonselective (3-blocker that lowers blood pressure
by inhibiting - and a-adrenergic receptors. Furthermore, it can bet-
ter preserve uteroplacental blood flow than other -blockers [1]. It
has a speedier onset of impact as compared to methyldopa (2 hours).
It is taken intravenously to treat severe hypertension, and many indi-
viduals prefer it to hydralazine because it has less adverse effects like
maternal hypotension [46]. In randomized clinical trials comparing it
to either methyldopa or nifedipine, labetalol has also been shown to
be safe for use during pregnancy [47,48]. When given orally to wom-
en with chronic hypertension, it appears to be as safe [27,31,49,50],
and effective as methyldopa, while higher doses have been related to
neonatal hypoglycemia [51]. In the CHIPS (Control of Hypertension in
Pregnancy Study), however, preeclamptic women treated with meth-
yldopa may have had better outcomes than those treated with labeta-
lol [52]. Hepatotoxicity in the mother has also been associated to
labetalol. This side effect must be distinguished from the HELLP syn-
drome (hemolysis, increased liver enzymes, and low platelet count).
Although the majority of cases of labetalol-induced hepatotoxicity are
reversible, fatalities have been reported [53].

Furthermore, deleterious consequences of (-receptor blockade
are possible. Fatigue, lethargy, exercise intolerance, peripheral va-
soconstriction, sleep disturbance, and bronchoconstriction are all
potential side effects; however, withdrawal due to side effects is un-
common [7]. Peripherally acting al-adrenergic antagonists are sec-
ond-line hypertension medicines in non-pregnant individuals. Both
prazosin and phenoxybenzamine have been used to treat hyperten-
sion caused by a suspected pheochromocytoma during pregnancy;
after B-blocker has been accomplished, -blockers have been used as
adjuvant medications [54,55]. These agents cannot be recommended
for regular use due to a lack of experience with them in pregnancy.
Calcium-channel antagonists have been used to treat chronic hyper-

tension, moderate preeclampsia, and preeclampsia-related urgent
hypertension in pregnant women [25]. Nifedipine (Adalat) and ver-
apamil, when taken orally, do not appear to be teratogenic to fetuses
[56].

Although nicardipine [57,58], isradipine [59], felodipine, Renedil
[60], and verapamil [61] have been reported, most researchers have
focused on nifedipine. The calcium channel blocker nifedipine has
been used successfully during pregnancy. Long-acting nifedipine is
preferred to short-acting nifedipine since the latter can cause a sig-
nificant reduction in blood pressure, which can lead to uteroplacental
perfusion loss. If an immediate treatment is needed but the patient
does not have access to an 1V, oral nifedipine (10 mg) can be given
and repeated in 30 minutes [21]. PO nifedipine appears to be as ef-
fective as IV labetalol in the treatment of significant blood pressure
rises [62]. Because of the delayed beginning to peak, oral labetalol is
less effective in lowering blood pressure at first and should only be
used if nifedipine is not available in a patient without IV access [62].
Long-acting nifedipine is available as 30-90 mg sustained-release
tablets that can be used once a day. Every 7 to 14 days, the dosage can
be increased to a maximum of 120 milligrams per day [63]. However,
in some cases, immediate-release oral nifedipine may be indicated for
a safe blood pressure lowering [1].

Amlodipine, a dihydropyridine calcium channel blocker routinely
used to treat hypertension in non-pregnant hypertensive people, has
not been extensively studied in pregnancy. Although there is only one
small case series in pregnancy that we are aware of, it is frequently
used and appears to be safe [64]. In pregnant women, calcium-chan-
nel blockers can cause tachycardia, palpitations, peripheral edema,
migraines, and facial flushing [65]. Nifedipine appears to have little
effect on uterine blood flow [66,67]. Short-acting dihydropyridine
calcium antagonists are no longer recommended for the treatment of
hypertension in nonpregnant patients, especially when administered
sublingually, due to reports of myocardial infarction and mortality in
hypertensive patients with coronary artery disease [68]. Short-act-
ing nifedipine capsules have been connected to maternal hypotension
and fetal discomfort in case reports [69,70]. Parenteral labetalol or
hydralazine should be taken until the desired blood pressure target
is reached if fast blood pressure control is needed. In pregnant wom-
en with severe hypertension, long-acting oral nifedipine has been
demonstrated to be efficacious and safe [71], and given the danger
of fetal injury from short-acting sublingual nifedipine [69,70] the
long-acting formulation is suggested. Using calcium antagonists to
control blood pressure in preeclampsia is complicated by the use
of magnesium sulfate to prevent seizures; additive effects between
nifedipine and magnesium sulfate have been reported in a few cas-
es, resulting in neuromuscular blockade, myocardial depression, or
circulatory collapse [72-74]. However, in practice, these medications
are regularly used simultaneously [11,75,76], and a recent study [77]
indicated that they can be given concurrently without raising risk.
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Diuretics can be taken during pregnancy (with an attempt to min-
imize the dose) or in combination with other medicines, according to
the National High Blood Pressure Education Program Working Group
on High Blood Pressure in Pregnancy [12]. Low doses (12.5-25 mg/d)
may help to avoid undesired metabolic effects such as impaired glu-
cose tolerance and hypokalemia in women who are currently taking
hydrochlorothiazide [11]. Triamterene and amiloride appear to be
non-teratogenic based on a small number of case reports [11]. Spi-
ronolactone is not recommended because of antiandrogenic effects
seen in animal models during fetal development, despite the fact that
this hasn’t been validated in a single clinical case [78]. IV labetalol
or hydralazine are the first-line treatments for pregnant women with
dangerously high blood pressure (160/105-110 mm Hg) [3,4]. Hy-
dralazine is a direct vasodilator of the arterioles. Intravenous hydral-
azine has been routinely utilized in the treatment of severe hyperten-
sion associated with pregnancy [1]. It is most useful in the treatment
of severe hypertension that requires immediate attention, or as a
third-line medicine for refractory hypertension that hasn’t responded
to prior treatments [25]. Parenteral therapy can help manage severe
hypertension promptly and can be administered orally, intramuscu-
larly, or intravenously. Excessive vasodilation or reflex sympathetic
activation can cause headaches, nausea, flushing, and palpitations,
among other symptoms. In rare cases, chronic use can lead to pyr-
idoxine-responsive polyneuropathy or immunologic reactions such
drug-induced lupus-like disease.

Although hydralazine had a slightly greater rate of adverse events
than labetalol in a meta-analysis, the evidence was insufficient to rec-
ommend one treatment over the other [46]. The hypotensive effect
of hydralazine is less predictable than that of other parenteral med-
ications. Despite reports of neonatal thrombocytopenia and lupus,
hydralazine has been used in all three trimesters of pregnancy with
no indication of teratogenicity [79]. Furthermore, the common side
effects of hydralazine, such as headache, nausea, and vomiting, are
comparable to the symptoms of preeclampsia. The consequences on
uteroplacental blood flow are unknown, most likely related to chang-
es in reflex sympathetic activation levels, and fetal discomfort could
result from a sudden drop in maternal pressure [80-82]. Isosorbide
dinitrate, a nitric oxide donor that operates mostly on capacitance ar-
teries, was investigated in a limited study of pregnant women with
gestational hypertension and preeclampsia [25]. Despite significant
fluctuations in maternal blood pressure, cerebral perfusion pressure
was unaffected, reducing the risk of ischemia and infarction when
blood pressure was lowered [83].

Sodium nitroprusside is a nonselective nitric oxide donor that re-
laxes arteriolar and venular vascular smooth muscle. When delivered
by continuous intravenous infusion, it has a near-immediate start of
action and 3-minute duration of effect, making it simple to titrate.
Nitroprusside metabolism produces cyanide, which is hazardous at
high infusion rates; cyanide is converted to thiocyanate, which is toxic
after 24 to 48 hours of infusion unless excretion is delayed owing to

renal insufficiency. Only in life-threatening refractory hypertension in
the days coming up to delivery is nitroprusside used during pregnan-
cy [84]. Excessive vasodilation and cardioneurogenic (i.e. paradoxic
bradycardia) syncope can occur in volume-depleted preeclamptic
women [85]. The danger of fetal cyanide intoxication is unknown;
in a study of 24 exposed fetuses, a review of the literature showed
no link between sodium nitroprusside use and fetal death [86]. Se-
rotonin-induced vasodilation and the subsequent release of prosta-
cyclin and nitric oxide are mediated by S1 receptors [25]. Because
of endothelial dysfunction and the loss of endothelial S1 receptors,
serotonin responds only with S2 receptors during pregnancy, result-
ing in vasoconstriction and platelet aggregation. Ketanserin is an S2
receptor antagonist that helps non-pregnant persons with acute or
chronic hypertension lowers their systolic and diastolic blood pres-
sure. Ketanserin has not been found to be teratogenic in animals or
humans, and it has been studied in small trials during pregnancy, pri-
marily in Australia and South Africa, suggesting that it may be safe
and effective in the treatment of chronic hypertension in pregnancy,
preeclampsia, hemolysis elevation of liver enzymes, and low platelet
syndrome [87,88].

Despite the fact that magnesium sulfate is not recommended as
an antihypertensive, it has long been used to treat recurrent seizures
in eclamptic women and to prevent seizures in preeclamptic wom-
en with severe symptoms. Limited double-blind, placebo-controlled
trials, on the other hand, have found no significant difference in the
onset of eclampsia between patients with pre-eclampsia without se-
vere symptoms who were given magnesium sulfate and those who
were given placebo [89]. “It is suggested that magnesium sulfate may
not be administered universally for the prevention of eclampsia for
women with preeclampsia with a systolic blood pressure of less than
160 mmHg and a diastolic blood pressure of less than 110 mmHg
and no maternal symptoms,” according to ACOG recommendations
from 2013. In other words, the ACOG only advises magnesium sul-
fate for preventing eclampsia in people who have a blood pressure of
160/110 or above, or who have other severe symptoms that generally
accompany seizures. Magnesium sulfate has been shown to be more
successful in avoiding recurrent seizures in eclampsia than other
common anticonvulsants such as phenytoin and diazepam, as well as
lytic cocktails [90,91]. Magnesium sulfate’s method of action in pre-
venting seizures is uncertain; however, it is thought to be linked to its
effects on the central nervous system, possibly via NMDA receptors,
calcium channels, and acetylcholine. The idea that taking magnesium
sulfate and nefidipine at the same time will induce serious side effects
such hypotension and neuromuscular inhibition is baseless, despite
the lack of evidence [77].

Although the FDA classifies angiotensin-converting enzyme in-
hibitors (ACEIs) and angiotensin receptor blockers (ARBs) as class
D drugs, we treat them as if they are contraindicated, especially in
the second and third trimesters, due to fetal kidney injury linked to
reduced perfusion [25]. Prenatal dysgenesis, oligohydramnios due
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to fetal oliguria, calvarial and pulmonary hypoplasia, intrauterine
growth restriction, and catastrophic newborn anuric renal failure,
which is associated to Potter’s syndrome (ie, bilateral renal agenesis),
have all been linked to use [92,93]. ARB use during pregnancy has
been associated to fetal kidney abnormalities and death, which have
all been linked to renal failure [94-96]. Because it’s impossible to say
whether or not exposure to ACEI and ARB throughout the first trimes-
ter is safe, it’s probably best to advice women who are attempting to
conceive to switch to different medications. However, among people
who become pregnant unintentionally while using ACEI or ARBs, the
risk of birth defects increases from 3% to 7% [97]; thus, termination
of the pregnancy is not recommended.

Cooper and colleagues studied a cohort of 29,507 babies who
were enrolled in Tennessee Medicaid and whose mothers showed no
indications of diabetes. After accounting for confounders, they dis-
covered that 7.1 percent of newborns exposed to ACEIs in the first
trimester had major congenital abnormalities, which was 2.7 times
higher than infants treated to antihypertensive treatment at any point
during pregnancy [97]. In addition, congenital anomalies are associ-
ated to maternal diabetes, obesity, and overweight [98-100]. The link
between maternal use of ACEIs or other antihypertensive medicines
in the first trimester and congenital malformations in newborns was
investigated in a record linkage study utilizing the Swedish Medical
Birth Register [101]. Preterm birth, placental abruption, caesare-
an delivery, and labor induction were all found to be more likely in
women taking antihypertensive drugs. The outcomes of 91 pregnant
women who took an ACE inhibitor or an ARB throughout their first
trimester were studied.

Six children (10.2 percent) out of 71 born to women taking an
ACEI had developmental abnormalities, including minor ventricular
septal defect (1.4 percent), mild sensorineural deafness (1.4 percent),
mild microcephaly (1.4 percent), hypospadias (1.4 percent), umbil-
ical hernia (1.4 percent), and moderate congenital hypotonia (1.4
percent) [101]. The two developmental anomalies found in the 20
pregnancies that occurred while using an ARB were inguinal hernia
(5%) and craniosynostosis with tower skull (5%). There was no clear
evidence of an increased risk of congenital malformations in women
who took ACEI or ARB during early pregnancy, according to this study
[102]. Porta, et al. published the results of 615 women with type I
diabetes and no retinopathy and 813 women with type I diabetes and
mild to moderately severe nonproliferative retinopathy were given
candesartan (32 mg/day) or placebo.

0 to 8 weeks after their last menstrual cycle, 42 women on can-
desartan and 45 women on placebo became pregnant and quit tak-
ing the medicine. Despite the fact that no woman remained on can-
desartan after eight weeks of pregnancy, the average length of time
women were exposed to it is unknown [103]. There was no difference
in pregnancy outcomes between the two groups, and there was no
increase in the rate of neonatal deformity. Two stillbirths and two

“sick infants” occurred in the candesartan group, while one stillbirth,
eight “sick babies,” and one ventricular septal defect occurred in the
placebo group [103]. Li et al. also looked at 465,754 pregnant wom-
en in Northern California and their live-born children. The study did
not include women who were taking an ARB while pregnant. Women
who had been diagnosed with hypertension but had not taken any
antihypertensive drugs while pregnant and those who had neither a
diagnosis of hypertension nor a record of any antihypertensive drug
prescriptions served as controls. The offspring of women who used
either ACEIs or other antihypertensive medicines during the first tri-
mester of pregnancy, or who had hypertension but did not take anti-
hypertensive drugs, had a similar elevated risk of congenital cardiac
defects [104].

During late pregnancy (119-133 days of gestation—term is 147
days), captopril (2.8-3.5 mg/kg) reduced maternal blood pressure for
2 hours in pregnant sheep. On the other hand, fetal blood pressure
was reduced for up to two days [105]. The pressor response was gen-
erated by an intravenous bolus of ATI blocker (167-426 ng/kg). Once
the Ewe’s blood pressure had stabilized, captopril was given to her
again. All ewes and fetuses had decreased basal blood pressure 10
minutes after receiving captopril injection. Stillbirth was a significant
risk, and 7 of the 8 ewes had stillborn lambs. Captopril (3.3 mg) caused
a 37 percent stillbirth rate in late gestational-age rabbits (24-28 days
gestation—term is 31 days), compared to 6 percent in saline control
rabbits [105]. Harewood et al. looked into whether reduced mater-
nal blood pressure was associated to fetal deaths and discovered that
fetal mortality was most likely due to the direct action of enalapril
(7.5 mg/day) on the fetal RAS rather than placental ischemia. There
were no prenatal abnormalities found during the postmortem assess-
ment of the dead fetuses [106]. Reduced uteroplacental blood flow,
low birth weight, fetal hypotension, preterm delivery, and fetal death
have all been linked to ACEI usage in the second and third trimesters
in animal studies. Reduced fetal renal function and urine production,
which can lead to oligohydramnios with fetal anuria, neonatal hypo-
tension, renal failure, and hypocalvaria, are the most commonly ob-
served adverse effects of ACEIs or ARBs taken in the second or third
trimester [93,107-109]. Prenatal exposure to ACEIs or ARBs during
the first trimester, according to previous studies, is unlikely to pro-
duce fetal malformations. On the other hand, fetal exposure to ACEIs
or ARBs during the second or third trimester has been associated to
fetal malformations. ACEIs and ARBs should be avoided by women
who are pregnant or may become pregnant.

Alternative Therapies

Suppression of the RAS would potentially be useful in the treat-
ment of preeclampsia; however, due to the side effects associated with
RAS suppressing medications, this class of drugs is not recommend-
ed for the treatment of preeclamptic women [110]. As an alternative
to targeting the RAS, some options for treating preeclampsia that are
connected to potential RAS suppression are presented.
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Rest and Physical Activity

Preeclampsia is a disorder that occurs when the volume of plas-
ma in the mother’s blood becomes too low during pregnancy [111].
Exercise is thought to decrease placental perfusion, whereas bed
rest is thought to increase placental perfusion in pregnant women, a
condition that may be associated to the onset of preeclampsia [112].
Spontaneous miscarriage, early labor, fetal development retardation,
edema, persistent hypertension, and preeclampsia have all been
treated with bed rest during pregnancy [110]. The effects of bed rest
in the treatment of preeclampsia, on the other hand, are still debat-
ed [113]. Deep vein thrombosis and pulmonary embolism, to name
a few, are risks of rest [114]. The WHO does not recommend home
rest or strict bed rest to avoid preeclampsia or improve pregnancy
outcomes in women who already have it [115]. Exercise has an effect
on the renin-angiotensin system. In those with heart failure, physical
activity has been proven to lower oxidative stress, increase nitric ox-
ide (NO), and decrease ANG II levels [116]. Physical activity, whether
occupational or recreational, has been associated to alower incidence
of preeclampsia in epidemiological studies [117]. However, because
there is just a small amount of evidence in the literature [117-119], it
is impossible to say whether interventional physical activity improves
the course of preeclampsia [110].

Antioxidants

It has been claimed that oxidative stress raises the risk of essential
hypertension and preeclampsia through reducing NO bioavailability
[120,121]. In animal studies, ATII increases vascular superoxide pro-
duction, which reduces the physiological impact of endothelium-de-
rived NO [122]. Endothelium-dependent forearm vasodilation is re-
duced in humans when ANG Il is blocked, although vitamin C improves
endothelial dysfunction [123]. Certain researchers have looked at the
effects of antioxidant supplementation with vitamins C and E on the
risk of preeclampsia. Pregnant women between the ages of 9 and 16
weeks of pregnancy, or 14 and 22 weeks of pregnancy, were given a
daily vitamin C and 400 IU vitamin E medication or a placebo until
they gave birth [110]. Vitamin C and E supplementation from 9 to 16
weeks of pregnancy or from 14 to 22 weeks of pregnancy till deliv-
ery had no influence on the rate of preeclampsia [121,124]. Previ-
ous study has connected low maternal serum 25-hydroxy vitamin D
(25(0OH)D levels to a higher risk of preeclampsia, and vitamin D treat-
ment has been proven to lower that risk [125]. People with 25(0H)D
insufficiency (15.0 to 29.9 ng/mL) and deficit ((<15.0 ng/mL) exhib-
ited higher circulating ANG II levels than people with normal 25(0H)
D levels (230.0 ng/mL) [110]. Furthermore, when compared to those
with adequate vitamin D levels (145 mL/min/1.73 m2), those with
vitamin D deficiency (115 mL/min/1.73 m2) had considerably slower
renal plasma flow responses to injected ATII [126].

Anticoagulation Therapies

Preeclampsia causes thrombocytopenia, disseminated intravas-
cular coagulation, and platelet aggregation [110]. Abnormal placen-

tal development can potentially lead to placental ischemia. In vitro,
aspirin suppresses AT1R and VEGF expression in HMVECs mediated
by ANG II [127]. Preeclampsia can be prevented by taking antiplatelet
medicines every day, especially low-dose aspirin, as early as the sec-
ond trimester. Although no detrimental effects have been identified,
there is a lack of long-term evidence [128,129]. CLASP demonstrated
that low-dose aspirin did not diminish the incidence of proteinuric
preeclampsia in 9364 women who were randomly administered 60
mg aspirin or a placebo daily [130]. Furthermore, Kyle et al. discov-
ered that starting low-dose aspirin (60 mg/day) at 28 weeks of preg-
nancy did not prevent preeclampsia in ATII-sensitive women [131]. In
2014, the US Preventive Services Task Force (USPSTF) recommended
that women who are at high risk for preeclampsia after 12 weeks of
pregnancy take low-dose aspirin (81 mg/day) as a preventive drug
[128].

COMT and 2ME

In pregnant mice deficient in COMT, the absence of 2ME, a natu-
ral metabolite of estradiol that is high throughout the third trimester
of normal human pregnancy, caused a preeclampsia-like phenotype
[132,133]. COMT is a catabolic enzyme that degrades a wide range
of bioactive chemicals, such as catecholamines and catecholestrogens
[110]. COMT transforms 17-hydroxyestradiol to 2ME as a rate-lim-
iting step in estrogen degradation, using 17-hydroxyestradiol as a
substrate. The concentration of maternal 2ME in the blood grows fast
during a normal pregnancy; however, levels of COMT and 2ME are
substantially lower in women with severe preeclampsia [132-134].
Hydralazine is well-known for its use in preeclampsia treatment. On
the other hand, hydralazine reduces placental COMT activity [135],
thus clinicians should use it with caution. In Comt(-/-) pregnant mice,
2ME has been shown to ameliorate all preeclampsia-like symptoms
without producing toxicity, as well as diminish placental hypoxia, HIF-
1 expression, and enhanced sFLT-1 expression [132]. Furthermore,
2ME may prevent vasospasm in pregnant women by acting as a direct
vasodilator [136]. 2ME inhibits the AT1 receptor in vascular smooth
muscle cells [137]. 2ME also inhibits HIF-1«a, which helps to reduce
preeclampsia’s restricted trophoblast invasion. 2ME (Panzem), an
anticancer drug that inhibits HIF-1a [138-140], is now being inves-
tigated in phase II clinical studies. As a result, 2ME is now a drug that
may be used orally. 2ME could be utilized to treat preeclampsia if it is
proved to be safe in pregnant women [110].

Nutritional intervention, on the other hand, can aid in the better
functioning of the COMT-2ME system during pregnancy. Because ho-
mocysteine is converted to S-adenosyl homocysteine (SAH), a potent
COMT inhibitor, high homocysteine levels may be associated to an
increased risk of preeclampsia. Folic acid functions by remethylating
homocysteine and changing it to methionine [136,137,141,142]. Sup-
plementing with folic acid throughout the second trimester has been
associated to a lower risk of preeclampsia [137]. COMT can be re-
duced by a variety of endogenous and exogenous substances, includ-
ing as polychlorinated biphenols (PCBs), dioxins, mercury, and SAH.
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As a result, from an epidemiological approach, avoiding exposure to
such ambient COMT suppressors would be relevant to the design of
any antipreeclampsia medication [110].

Conclusion

The goal of blood pressure regulation is to lower it down to a
range of 140-160/90-100 mm Hg rather than “normal.” Various an-
tihypertensive medicines have previously been used to treat PE with
severe symptoms. Methyldopa is a medication that is often used to
treat high blood pressure in pregnant women. Blood pressure regula-
tion is delayed due to the indirect mechanism of action, with no nega-
tive impacts on uteroplacental or fetal hemodynamics or fetal welfare.
Clonidine, a selective a2-agonist, is largely used as a third-line treat-
ment for pregnant women with refractory hypertension. There is the
potential for clinically significant differences between B-blockers due
to differences in lipid solubility and receptor selectivity, although this
has not been investigated in pregnancy. By efficiently managing ma-
ternal blood pressure, lowering the incidence of severe hypertension,
and lowering the rate of preterm admission to the hospital, 3-block-
ers improve maternal outcomes.

Many patients prefer labetalol to hydralazine for treating severe
hypertension because of the reduced risk of maternal hypotension
and other negative effects. Nifedipine, a calcium channel blocker, has
been successfully used during pregnancy. During pregnancy, diuretics
can be used as needed. Intravenous hydralazine has been routinely
utilized in the treatment of severe hypertension associated with preg-
nancy. Nitroprusside is only used in the days coming up to delivery in
cases of life-threatening refractory hypertension. Many patients pre-
fer labetalol to hydralazine for treating severe hypertension because
of the reduced risk of maternal hypotension and other negative ef-
fects. Nifedipine, a calcium channel blocker, has been successfully used
during pregnancy. During pregnancy, diuretics can be used as needed.
Intravenous hydralazine has been routinely utilized in the treatment
of severe hypertension associated with pregnancy. Nitroprusside is
only used in the days coming up to delivery in cases of life-threatening
refractory hypertension. On the other hand, fetal exposure to ACEIs
or ARBs during the second or third trimester has been associated to
fetal malformations. Several ideas to treat preeclampsia that are con-
nected with probable RAS inhibition are presented, including the use
of rest and physical activity, antioxidants, anticoagulant therapy, and
avoiding exposure to COMT and 2ME suppressors, among others.
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